Little is known about the effect of intentional weight loss and subsequent weight regain on cardiometabolic risk factors in older adults. The objective of this study was to determine how cardiometabolic risk factors change in the year following significant intentional weight loss in postmenopausal women, and if observed changes were affected by weight and fat regain.
O vERWEIGHT and obesity are significant public health problems, with recent estimates suggesting that 72.3% and 64.1% of adult men and women, respectively, have a body mass index (BMI) greater than or equal to 25 kg/m 2 (1) . In women, postmenopausal status is associated with higher prevalence of overweight and obesity (2) . Excessive body weight often predisposes to chronic disease, and accordingly, overweight and obese postmenopausal women are at increased risk of developing several cardiometabolic conditions (3) (4) (5) (6) (7) .
Treatments for overweight and obesity, which result in significant weight loss, frequently yield immediate improvement in the cardiometabolic risk profile (8) . For most, however, long-term weight loss maintenance remains elusive (9) . Data show that about one third of individuals who lose weight will regain all of their lost weight within 1 year, and almost all individuals regress to their baseline weight within 5 years (10, 11) . Although nearly 60% of overweight women report trying to lose weight ( [12] and previous data suggest that most will be unable to maintain their weight loss), the effect of a cycle of intentional weight loss followed by weight regain on cardiometabolic risk in overweight and obese postmenopausal women is not known. Such data are necessary to assess the long-term benefits and risks of intentional weight loss in this population.
Observational studies in younger adults show that weight cycling is not associated with increased cardiometabolic risk (13) (14) (15) . Further, weight regain in this population is not associated with adverse effects on body composition or fat distribution (16, 17) . However, recent data from our group suggest that, for postmenopausal women, body composition is negatively impacted by weight regain following intentional weight loss (18) . Specifically, after a 13% weight reduction, women who regained at least 2 kg of lost weight within a year experienced a greater accretion of fat mass, relative to lean mass. Due to the known association between elevated body fat and cardiovascular disease risk, preferential regain of fat suggests that cardiometabolic risk factors may be worse in older adults who regain weight after intentional weight loss, although further investigation is warranted.
Therefore, the purpose of this study was to determine how cardiometabolic risk factors change in the year following significant intentional weight loss in postmenopausal women and if observed, changes are affected by weight and fat regain. We also assessed whether these risk factors were worse 1 year after intentional weight loss compared with baseline values in women who experienced weight regain.
Methods

Study Design Overview
This article presents follow-up data from a randomized, clinical trial (NCT00664729), originally designed to determine whether the intensity of aerobic exercise affects the loss of abdominal adipose tissue in abdominally obese, postmenopausal women, under controlled conditions of isocaloric deficit. Study design and recruitment details were previously published (19) . Briefly, this study was a 5-month trial comparing caloric restriction alone to caloric restriction plus moderate-intensity aerobic exercise and caloric restriction plus vigorous-intensity exercise. Women were recruited and enrolled based on the following criteria: (a) abdominal obesity (BMI: 25-40 and waist circumference >88 cm), (b) age (50-70 years), (c) postmenopausal status (no menses for >1 year), (d) nonsmoking (for >1 year), (e) not on hormone replacement therapy, (f) sedentary (<15-min exercise 2 times/wk in the past 6 months), and (g) weight stable (<5% weight change) for more than or equal to 6 months before enrollment. After the caloric restriction interventions, women were asked to return for 6-and 12-month follow-up visits to assess changes in body weight, body composition, and cardiometabolic risk. A visual of the study time line is provided in Figure 1 . The study was approved by the Wake Forest School of Medicine Institutional Review Board, and all participants signed an approved informed consent document.
Weight Loss Interventions and Follow-up
The weight loss intervention was previously described in detail (19) . Briefly, 112 women were enrolled in a 5-month program of controlled underfeeding, of which 95 completed. Individual energy needs were calculated from each participant's measured resting metabolic rate and an activity factor based on self-reported daily activity. The degree of caloric restriction was adjusted so that total caloric deficit (~400 kcal/d; 2800 kcal/wk) was similar for all groups.
At the end of the 5-month weight loss intervention, women were asked to return for anthropometric and cardiometabolic measurements at 6-and 12-months postintervention (11-and 17-months, respectively). Women were provided one counseling session with a registered dietitian concerning strategies for maintenance of weight loss at the end of the 5-month weight loss intervention. With the exception of scheduling phone calls and the 6-and 12-month follow-up visits, no other contact by study-related personnel was provided during the 12-month follow-up period. A total of 80 women completed their assigned 5-month weight loss intervention and had at least one follow-up time point weight and risk factor measurement.
Anthropometrics, Body Composition, and Cardiometabolic Risk Factor Measurements
Body weight and cardiometabolic risk factors were measured at baseline, immediately after the 5-month weight loss intervention and 6-and 12-months postintervention. Measurement details are previously reported (19) . Study staff responsible for data collection were blinded to group assignment. Height and weight were measured with shoes and outer garments removed. BMI was calculated as weight in kilograms (kg) divided by the square of height in meters (m) and waist (ie, minimal) circumference (cm) was measured in triplicate. Whole-body fat and lean mass was measured by dual-energy x-ray absorptiometry (Hologic Delphi A 11.0 QDR, Bedford, MA).
Blood pressure was measured in the right arm, using a conventional mercury sphygmomanometer, with the participant in a seated position after having rested quietly for 10-15 minutes. Participants sat with feet flat on the floor and legs uncrossed and were asked not to talk during the rest period or during the measurement. An appropriate cuff size was used and systolic and diastolic blood pressures were defined as the average of two repeated measures.
Blood samples were collected in ethylenediaminetetraacetic acid-treated evacuated tubes by venipuncture in the early morning after a 10-hour fast, and plasma triglycerides, total cholesterol, high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol were measured by standardized hospital laboratory methods. LDL:HDL ratio was calculated by dividing LDL cholesterol concentration by the HDL cholesterol concentration at each time point. Plasma glucose was measured with the glucose hexokinase method (Bayer Diagnostics, Tarrytown, NY). Plasma insulin was determined by a chemiluminescent immunoassay with the use of an IMMULITE analyzer (Diagnostics Products Corporation, Los Angeles, CA). Insulin sensitivity (Homeostatic Model Assessment of Insulin Resistance; HOMA) was calculated as the product of the fasting values of glucose (expressed as mg/dL) and insulin (expressed as µU/mL) divided by the constant 22.5 (20) .
Statistical Analysis
Weight regain status was defined based on whether a participant gained greater than or equal to 2 kg during the postintervention period (ie, either 6-or 12-month postintervention data point used). Women who gained greater than or equal to 2 kg were labeled as "regainers," whereas those who did not regain 2 kg or continued losing weight were considered "maintainers." Outcome measures included change in systolic blood pressure (mm Hg), diastolic blood pressure (mm Hg), total cholesterol (mg/dL), LDL cholesterol (mg/dL), HDL cholesterol (mg/dL), triglycerides (mg/dL), LDL:HDL ratio, glucose (mg/dL), fasting insulin (µIU/mL), and HOMA (mg/dL × µU/mL).
Cardiometabolic risk factor values were summarized by simple means and standard deviations (SD) at each of the 4 time points: baseline, 5-months (postintervention), 11 months (6-months postintervention), and 17 months (12-months postintervention). Means and SDs were further stratified by weight regain status. Longitudinal postintervention associations between change in weight and change in cardiometabolic risk factor values at 6-and 12 months were estimated using mixed linear models, adjusting for age, race, baseline BMI, randomization arm, baseline outcome measure, and 5-month outcome measure. The same model was used to assess the longitudinal association between change in fat mass and waist circumference with change in cardiometabolic risk factor value. An analysis of covariance model assessed the 12-month postintervention difference in risk factor values between weight maintainers and regainers, adjusting for age, race, randomization arm, baseline BMI, baseline risk factor value, and 5-month risk factor value. Finally, the 12-month postintervention mean cardiometabolic risk factor values for weight maintainers and regainers were compared with baseline values using a mixed-model profile analysis to test for an interaction of risk factor trend by weight regain group, adjusting age, race, baseline BMI, randomization arm, and postintervention risk factor values. p values are presented, testing for a group (weight maintainers vs weight regainers) by time interaction or whether groups' mean cardiometabolic risk factor values at 12-months postintervention differ from baseline means. All analyses were performed using SAS v9.2 using a Type I error rate of 0.05.
Results
Of the 112 original DEMO participants, 80 returned for at least one 6-or 12-month follow-up measurement. Mean age of the study sample at baseline was 58.8 ± SD = 5.1, and 56 (70%) were Caucasian. No significant differences between the 80 returning participants and 32 nonreturners were observed with regard to age (p = .15), race (p = .09), baseline, or postintervention body weight (p = .68 and .40, respectively).
Participant Weight Loss and Regain
As previously reported, no significant differences between randomization arms were observed with regard to magnitude or composition of weight lost or subsequent weight regained (18, 19) ; therefore, results are presented across treatment groups. Average weight loss during the 5-month intervention was 11.4 ± 4.1 kg (range = −20.9 to −2.5 kg), with 70.1 ± 0.2% coming from fat mass and 29.9 ± 0.2%
Study Timeline
Screening and baseline visits Intervention: Hypo-caloric diet provided by a metabolic kitchen Follow-Up: Individual diet and exercise lifestyle
Recruitment
Post Intervention
Baseline Visit 6 month follow-up 12 month follow-up coming from lean mass. On average, 4.1 ± 6.8 kg (31.4% of lost weight) was regained during the 12-month followup period, and of the 80 women, 58 (72.5%) were classified as regainers (ie, ≥2 kg regain), whereas 22 (27.5%) were maintainers. Regainers had a mean baseline age of 58.6 ± 4.8 years and 38 (65.5%) were Caucasian, whereas maintainers had a mean baseline age of 59.4 ± 5.9 years and 18 (81.8%) were Caucasian. Previously published modeling results of regainers revealed fat mass was regained to a greater degree than lean mass (18) . Of the maintainers, 12 continued losing weight during the postintervention period, and of the regainers, 13 women regained all lost weight by the 12-month follow-up visit.
Change in Cardiometabolic Risk Over Time and by Weight Regain Status
Unadjusted cardiometabolic risk factors by time point are presented in Table 1 . All variables (except HDL cholesterol and the LDL:HDL ratio) were significantly improved immediately postintervention compared with baseline (all p < .05). On average, the weight loss interventions reduced systolic blood pressure by 8.8 ± 15.3 mm Hg, diastolic blood pressure by 5.3 ± 10.1 mm Hg, total cholesterol by 13.4 ± 22.1 mg/dL, LDL cholesterol by 6.5 ± 17.8 mg/ dL, HDL cholesterol by 2.0 ± 6.4 mg/dL, triglycerides by 23.4 ± 41.9 mg/dL, glucose by 5.3 ± 9.7 mg/dL, insulin by 3.6 ± 4.7 mg/dL, and HOMA by 18.6 ± 25.9 mg/dL × µU/ mL. These results did not differ by weight regain status.
Examination of changes in cardiometabolic risk factors during postintervention follow-up revealed that, on average, all risk factors regressed toward baseline values during the follow-up period. However, this trend was notably different for regainers versus maintainers. Of particular interest, 12-month postintervention values for triglycerides, insulin, LDL:HDL ratio, and HOMA were all comparable with immediate postintervention values in women who were classified as maintainers, whereas 12-month postintervention values for total, LDL, and HDL cholesterol; insulin; and HOMA were slightly higher than baseline values in women classified as regainers (see Figure 2) .
Relationships Between Changes in Cardiometabolic Risk Factors and Changes in Body Weight
Relationships between changes in cardiometabolic risk factors and changes in body weight and composition during the postintervention follow-up (including 6-and 12-month postintervention time points) are presented in Table 2 . Parameter estimates indicate the model-adjusted change in risk factor value per unit change in weight (kg), fat mass (kg), and waist circumference (cm) during the postintervention period, after adjustment for baseline and postintervention risk factor values. Changes in total cholesterol, triglycerides, glucose, insulin, and HOMA values are directly associated with weight changes (all p < .05), whereas changes in systolic blood pressure and LDL:HDL show a marginal association with changes in weight (0.44 ± 0.23; p = .06 and 0.02 ± 0.01; p = .07, respectively). The observed risk factors showed similar relationships with changes in fat mass, with the addition of systolic blood pressure achieving statistical significance (p = .03). However, waist circumference appears to be a less sensitive predictor of cardiometabolic risk, only achieving a significant association with triglycerides (p = .04). Overall, this analysis indicates that increases in weight and total body fat during the postintervention period tend to be associated with increased (or worsened) cardiometabolic risk factors.
Model-adjusted mean 12-month follow-up cardiometabolic risk factor differences stratified by weight regain status indicate generally improved risk factors for participants who maintain their weight loss. Compared with weight maintainers, women classified as regainers had a significantly higher change in total cholesterol (17.1 ± 7.0 mg/ dL; p = .02), LDL cholesterol (14.5 ± 5.8 mg/dL; p = .01), triglycerides (21.2 ± 9.1 mg/dL; p = .02), LDL/HDL ratio (0.35 ± 0.16; p = 0.03), insulin (4.5 ± 1.3 µIU/mL; p < .01), and HOMA (20.5 ± 6.1 mg/dL × µU/mL; p < .01). Note: HDL = high-density lipoprotein; HOMA = homeostatic model assessment of insulin resistance; LDL = low-density lipoprotein; M = mean; SD = standard deviation. Table 3 shows cardiometabolic risk factor comparisons from baseline to 12-months postintervention by weight regain status. The model-adjusted estimates control for age, race, baseline BMI, randomization arm, and postintervention risk factor values. Significant group × time interactions, indicating differential risk factor trends after the 12-month follow-up (from baseline) by weight regain status, were observed for total cholesterol, LDL cholesterol, triglycerides, insulin, and HOMA (p for interaction < .05). For these variables, the 12-month follow-up time point indicates increased (ie, worsened) risk factor values compared with baseline for weight regainers, with the exception of triglycerides, which were reduced from baseline in both groups, but significantly higher in regainers compared with maintainers at the 12-month postintervention time point (109.2 ± 5.2 vs 88.7 ± 8.4, respectively). However, these risk factor values were still improved relative to baseline in weight maintainers. Systolic blood pressure was marginally reduced (3.6 ± 2.1 mm Hg; p = .08) and HDL cholesterol was elevated (3.4 ± 1.0 mg/dL; p < .01) from baseline in both groups.
Cardiometabolic Risk Factor Comparisons From Baseline to 12-Months Postintervention
Discussion
The purpose of this study was to determine how cardiometabolic risk factors change in the year following Notes: HDL = high-density lipoprotein; HOMA = homeostatic model assessment of insulin resistance; LDL = low-density lipoprotein; M = mean; SE = standard error.
Model-adjusted estimates control for age, race, baseline fat mass, randomization arm, and baseline and postintervention risk factor value. values for risk factor change are given per 1 kg increase in weight. Notes: HDL = high-density lipoprotein; HOMA = homeostatic model assessment of insulin resistance; LDL = low-density lipoprotein; M = mean; SE = standard error.
Model-adjusted estimates control for age, race, baseline body mass index (BMI), randomization arm, and postintervention risk factor values. Weight regain status was defined based on whether a participant gained greater than or equal to 2 kg during the postintervention period (ie, either 6-or 12-month postintervention data point used). Women who gained greater than or equal to 2 kg were labeled as "regainers," whereas those who did not regain 2 kg, or continued losing weight, were considered "maintainers." Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/68/6/691/873842 by guest on 28 March 2019 significant intentional weight loss in postmenopausal women and whether observed changes were associated with weight regain status. Results demonstrate that more than two third of women regained at least 2 kg of lost weight within 12 months of completing an intensive weight loss program. This cycle of weight regain following intentional weight loss was associated with deleterious long-term changes in several cardiometabolic risk factors, with fasting insulin and the HOMA estimate of insulin resistance most adversely affected by weight regain. Findings are particularly striking given that, on average, women classified as regainers still weighed less at 12-months follow-up than they did at baseline. Conversely, maintenance of (or continued) weight loss was associated with sustained improvement in the cardiometabolic risk profile; although the greatest improvement was seen immediately after weight loss.
Weight loss in overweight and obese individuals is known to yield immediate improvements in cardiometabolic risk, even in older adults (21) (22) (23) (24) . However, data examining the change in cardiometabolic risk factors during a period of weight regain following structured and intentional weight loss are scarce. Contrary to our results, an earlier study of young (25-45 years) obese women followed prospectively through a 30-month weight loss and maintenance program, found no adverse changes in lipid levels, blood pressure, waist-to-hip ratio, or percent body fat in weight regainers compared with weight stable women (13) . However, this finding may not apply to older adults. Age is a significant predictor of cardiometabolic disease, and several lines of evidence suggest that weight cycling in late life may have unfavorable health effects. For example, longitudinal data suggest that, in older adults, self-reported intentional weight cycling contributes to loss of lean mass (25) , increases risk of developing cardiovascular disease (26) , and predicts future physical limitation and mortality (27) . Further, we recently reported that fat mass is regained to a greater degree than lean mass in postmenopausal women who experienced a cycle of weight regain following intentional weight loss (18) . Findings from this study extend this work by showing that weight (and similarly, fat) regain is further associated with a worsened cardiometabolic risk profile in this population.
Importantly, although weight loss maintenance was associated with prolonged improvements in most cardiometabolic risk factors, it is worth noting that even among women who maintained their weight loss, systolic and diastolic blood pressure, and to a lesser extent, fasting glucose, returned to baseline values within a year after weight loss. This observation indicates that other factors other than weight change may be driving this association. Further, even though several risk factor values continued on downward (ie, improved) trajectories in women who maintained their weight loss, the magnitude of improvement in each risk factor was most pronounced during the weight loss phase. This finding is in agreement with other studies showing that the degree of caloric restriction, rather than weight loss, may be more strongly associated with cardiometabolic benefit (28, 29) .
Strengths of this study design include measurements of multiple cardiometabolic risk factors before and after intentional weight loss, as well as a relatively long follow-up period. However, results of our study are limited to postmenopausal women and should not be considered definitive because we did not have a weight-stable group to serve as a control for intentional weight loss.
In conclusion, results from this study demonstrate that a cycle of weight regain following intentional weight loss is associated with deleterious long-term effects on cardiometabolic risk factors in postmenopausal women; however, weight loss maintenance is associated with sustained improvements. Results highlight the need for future research to develop effective strategies to promote the maintenance of weight loss in this population.
